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Abstract A microscopic model is proposed to study the co-existence of charge density wave (CDW) and 
spin density wave (SDW) effects in high-7^ super- conductors in normal state under underdoping condition 
before the onset of super-conductivity The one particle electron Green's functions are calculated by Zubarev's 
technique The CDW and SDW gap parameters are calculated from their correlation functions and solved self-
consistently taking into account the position of the impurity levels and the hybridisation between the impurity 
electron and the copper ^electrons The temperature dependence of CDW and SDW gap parameters are studied 
for different model parameters of the system 
Keywords superconductivity, charge density wave, spin density wave 
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The interplay of lattice distortions accompanied by charge density wave (CDW) and 
superconductivity (SC) is inherent to cuprates.The existence of structural instability ansing 
due to partial Fermi surface destruction prevents even high transition temperature Tc.The 
thermal expansion measurements on underdoped La2.JfMxCu04 (M=Ba,Sr)system show 
two lattice instabilities having 7^ * 32K and T^ « 36K, while YB^CuOj^ with Tc « 
49K has a single instability at Td « 90 K [1 J.Both 7^ and Td are close to maximal Tds 
in the corresponding optimally doped compounds. Anomalous lattice properties above Tc 
in La2„xMxCu04 are observed in ultrasound experiments [2], thermal expansion and specific 
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heat measurements [1]. The structural and electronic phase transitions occur above Tc for 
La2_xMxCu04 , YBa^CuOj^ and Bi-Sr-Ca-Cu-O [3,4], It is remarkable that 
Bi2Sr2CaCu20Q+6 has Tc = 84K and structural transition at Td =* 95K ,while Bi-Sr-Ca-Cu 
-Pb-0 has TC =* 107 K and Td « 130 K [5]. The occurrence of a CDW in Cu-O plane of 
YBa2CuO?_s is observed in scanning tunneling microscopy [6 ]-[10]. Similarly, the high-
ly cuprates also exhibit the antiferromagnetic phase for low dopant concentrations.So the 
cuprates having two dimensional character are likely candidates for the existence of spin 
density wave (SDW) [11]. Schrieffer et al [12 ] have proposed the SDW state as one of 
the reasons for the enhancement of Tc. The SDW and CDW states arise from the nesting 
property of the Fermi surface in low dimensional systems.The SDW state arises due to 
Coulomb interaction between electrons while CDW state is a consequence of the electron 
phonon interaction in presence of perfectly nested pieces of Fermi surface. Ghosh et al 
[13 ]have reported the interplay of the SDW and superconductivity for the cuprates.In the 
present communication we report the interplay of the CDW and SDW phases in presence 
of impurity in normal phase before the onset of the superconductivity. 
The Hamiltonian used in this model is given by 
ka ka ka 
+V E ( i W t C M ) + e / & M ^ ' (1) 
k,a ka v ' 
The first term in H0 describes the hopping of copper d-electron between adjacent sites. 
Here c\a,{cka) are the creation (annihilation) operators of the conduction electrons of 
copperThe hopping takes place between the neighbouring sites of copper with the dispersion 
ek = -2f0 [cos (kx) + cos (ky)] . 
The second and third terms in HQ describe the mean field CDW and SDW states. In 
high-Tc systems oxygen atoms surrounding the central Cu-atom form an octahedron. The 
structural evidences show that the neighbouring Cu-0 octahedra are enfarged and contracted 
alternately. As a result ,Cu-atoms acquire disproportionate charges, because of the two 
different Cu-O bond lengths.This indicates to the existence of strong electron-phonon 
interaction. The presence of the nested pieces of Fermi surface and the disproportionate 
charges of Cu-site stabilizes the system with Fermi surface instability by the formation of 
the charge density wave (CDW).Long range antiferromagnetic order present in cuprates 
owes its origin to itinerant electrons in the system.The presence of the Fermi surface 
instability due to the existence of the nested pieces of Fermi surface results in the 
formation of a spin density wave (SDW). The Ac and As are respectively the CDW and 
SDW order parameters given by 
^--^SHaW*). (2) 
ka 
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where V0 and U0 being respectively the attractive $nd repulsive strengths and Q being the 
nesting wave vector.The nesting of pieces of thos Fermi surface separated by the wave 
vector Q responsible for the formation of CDW land SDW results in the electron-hole 
symmetry. 
'k±Q = -ek (4) 
The fourth term of eq.(1) describes a weak hybridisation between the f-level of the rare 
earth ion and the Cu-3of electron band. This is mostly in influenced by the degree of a 
dispersionless hybridization strength (V ). The fifth term in HQ describes the intra f-electron 
kinetic energy term with the dispersionless renormalized f-level energy ef of the rare-
earth ion and f?ko% (fltktG) are the creation (annihilation)operators of the localised electrons. 
We calculate one electron Green 's function using the Hamiltonian H0 given in eq.(1) 
for the CDW and SDW of the cuprate system in presence of impurity by using Zubarev 's 
technique [14 J.The Green's functions Af(k,w)(i; = 1 - 4) involved in these calculations are 
defined as 
'A(^^) = ( (^a;<a)) a 
^(fc,ci)) = ((cJt+0iCT;cL)) , 
>MM = ((^;< 
/%(/c,co) = ( (^ + a < 7 ; c^ T ) y / (5) 
The four coupled equations involving four Green 's functions are solved and are given 
below. 
4(*fa>) = f-1-] ((e> + elf)(a> + e,)-v2)(fi>-e,)j fcH """"J (6) 
Azi^o)) = 
2n (7) 
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* ( * . « , - | ^ 
y((o) + efc)(a> + £ , ) - V ) 
(8) 
AA(k,(o) = 
231 
(Ac + Aso)(o)2-ef) 
(9) 
where 
p^^-ePP.+Q.]. (10) 
The four quasi particle bands for the up-spin are ±(o^2 and the four quasi particle 
bands for the down-spin are ±<o3A 
±(ou = 
±co3A = 
^±4K-
2 
p3±V^" 
-4Q, 
-
-40, 
,1/2 
-i1/2 
(11) 
where P1 Q, are for the up-spins and P2, Q2 are for down spins 
P, = E\k + e? + 2l/2; Q = E^ef -2^fc>\/2 + V4, 
P2 = ^ + e? + 2V2; Q2 = E\ME^ - 2 t ^ \ / 2 + V\ 
E 2 = f 2 + ( ^ c + ^ ) 2 ; E f = e 2 + ( 4 C - 4 S ) 2 . 
The expression for CDW gap of eq.(2) is written as 
f0>/2
 r -, 4 =
-
ffL/2de"Kt+^j. 
(12) 
(13) 
(14) 
where the CDW coupling parameter g = A/(0)V0 with M(0) being the density of states of 
the conduction electron at the Fermi level.The correlation function given in bracket of 
eq.(14) are calculated for the Green's function given in eq.(7) and given by 
0k.t = T7-3 ?T lF1lJ • *.T 2(<u12-fi)|) 
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0*,i = 
Ac-A° 
* ( ' (*>i-<o
2) [F&], 
^ 1 = ( l l ^LnH^-W:^ )^^ tantv 
0)o ft)i (15) 
^ 2 ~ 
{al-e}) fa {o>i-ef) fa 
tanh 4 - x- ^tanh - 3 
(0A 2 o)3 2 (16) 
Similarly, the expression for S D W gap of eq. (3) is written as 
rw/2 4 S =
^ L 2 ^ ^ t + ^ ] , (17) 
where the S D W coupling is g^=N(0)U0 T h e physical quantities involved are made 
dimensionless by dividing them by 2f0. They are 
2f0 2 2f0 2f0 2tQ 
flf = W(0)l/0; g^N(0)U0. 
The charge density wave (CDW)parameter (Z^ and the spin density wave (SDW) 
parameter (Zg) are solved self-consistently in normal phase.The temperature variation of Z1 
is shown in Figure 1 and that of Z2 is shown in the inset of Figure 1. Both the parameters 
show similar temperature variations.The Z1 and Z2 slowly decreases and become minimum 
at the same temperature i.e. the CDW transition temperature (Tc ) equals the SDW 
transition temperature (Ts) with 7C =7S ^ 0.125.The gap parameters at 7 = 0 K are Z1 (0) 
= 0.0174 and Z2 (0) ~ 0.017. The CDW coupling g - 4.0 is much larger than the SDW 
coupling g1 = 1.0. 
The temperature variation of the SDW parameters for different values of the CDW 
coupling is shown in Figure 2. The SDW gap parameter (Z2) decreases slightly with 
increase of the CDW coupling (g) similar to the charge density gap CDW. The temperature 
(7C) Remaining unchanged.The CDW gap also decreases with the increase of the CDW 
coupling [see inset of Figure 2]. 
The effect of SDW coupling (gn) on the CDW gap parameter (Z,) is shown in Figure 1. 
The increase of SDW coupling suppresses the CDW gap (Z,) throughout the temperature 
626 S K Panda and G C Rout 
We have solved self-consistently, the gap equations of the CDW and the SDW phases 
in normal phase in presence of the impurity level (d) and the hybridization (V). Both the 
gaps Z1 and Z^ show slow temperature decrease with temperature and form a minima for 
Tc - Ts and increase beyond the temperature Tc. A large CDW coupling (g ~4) changes 
the CDW gap and the SDW gap. Now, the SDW coupling (g1 ~ 1.25) suppresses both 
the gap parameters in normal phase. The hybridization between the impurity Mevel and 
the conduction band enhances both the gaps due to introduction of lattice distortion in 
the system. 
Acknowledgment 
Two of the authors (SKP and GCR) gracefully acknowledge the research facilities offered 
by the Institute of Physics, Bhubaneswar, during their short stay. 
References 
[1] A M Gabovich et al, Fiz. Nizk. Temp. 13 844 (1987) 
[2] M Nohara, T Suzuki, Y Maeno, Y Fujita, I Tanaka and H Kojima Phys. Rev. Lett. 70 3447 (1993) 
[3] R S Gonnelll, A Morello, G A Ummarino, D Daghero, L Natale, V A Stepanov, F Licci and G Ubertalli 
Cond-mat 0003 100 (2000) 
[4] S V Lubenets, V D Natsik and L S Fomenko Fiz. Nizk. Temp. 21 475 (1995) 
[5] Y Wang, H Shen, M Zhu and J Wu Solid State Commun. 76 1273 (1990) 
[61 H L Edwards, A L Barr, J T Markert and A L de Lozanne Phys. Rev. Lett. 73 1154 (1994) 
[7] H L Edwards, D J Derro, A L Barr, J T Markert and A L de Lozanne Phys. Rev. Lett. 75 1387 
(1995) 
[8] H L Edwards, D J Derro, A L Barr, J T Markert and A L de Lozanne Phys. Rev. Lett. 75 1387 
(1995) 
[9] A L de Lozanne, S H Pan, H L Edwards, D J Derro, A L Barr and J T Markert Spectroscopic 
Studies of Superconductors (eds) I Bozovic and D Van der Marel Bellingham, WA:SPIE 2696 347 
(1996) 
[10] A L de Lozanne Supercond Sci. TechnoL 12 R 43 (1999) 
[11] D C Johnston, S K Sinha, A J Jacobson and J M Newsam Physica C 153-155 572 (1988) 
[12] J R Schrieffer, X G Wen and S C Zhang Phys. Rev. Lett. 60 944 (1988) 
[13] H Ghosh, S Sil and S N Behera Physica C 316 34 (1999) 
[14] D N Zubarev Sov. Phys. Usp. 3 71 320 (1960) 
